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I. INTRODUCTION 


‘Almagest (or Syntaxis, finished between A.D. 147 and 161)! and the 

later Handy Tables, has become a commonplace in histories of ancient 
astronomy. As Neugebauer writes, “The eminence of these works, in partic- 
ular the Almagest, had been evident already to Ptolemy's contemporaries, This 
caused an almost total obliteration of the prehistory of the Ptolemaic as- 
tronomy.”? Certainly by the fourth century, when Pappus and Theon of Alex- 
andria wrote huge didactic commentaries on Ptolemy's works, the writings 
fof even his greatest predecessor, Hipparchus (fl. ca. 150-130 BC), were 
relegated to merely antiquarian status, and already some of these seem to 
have become scarce even in Alexandria, As for those who followed Hipparchus, 
and whom Ptolemy dismisses with contemptuous allusions or still more dis- 
dainful silence, it is only through a handful of contemporary testimonia that 
some meager knowledge of their works— indeed of their very names—is 
preserved. But the crucial century and a half between Ptolemy and Pappus, 
during which Ptolemy's works were first circulated and gained preeminence, 
is for mathematical astronomy as nearly barren of documents as the three 
centuries between Hipparchus and Ptolemy. 

The fragmentary text with which this monograph is concerned casts some 
light on both these murky periods, Apparently written in the early third cen- 
tury, it shows how Ptolemy's works had already begun to be expounded, crit 
cized, and even revised within half a century of their publication. Moreover 
it preserves quotations from Artemidorus, a still earlier critic of Ptolemy's 
innovations, and Apollinarius, a prominent astronomer from the time before 
Ptolemy. 

The fragment was discovered by the editors of the Catalogus Codicum As- 
trologorum Graecorum in the thirteenth-century manuscript Par. gr. 2841 and 
its sixteenth-century copy Par. gr. 2415; an edition by F. Cumont was included 
in their eighth volume in 1911. Although Cumont made some necessary 
emendations to the very corrupt text, and incorporated several more that J. L 
Heiberg communicated to him, his edition still goes only part of the way 
toward restoring the fragment, and hardly at all toward explicating it, 
Moreover, it was prepared and printed carelessly.‘ Historians have thus had 
to struggle with a text that for the most part makes no astronomical, or even 


Ti early recognition of Ptolemy's major astronomical writings, the 





T See Toomer in Almagest (Toomer) 1. 

2 Neugebauer, HAMA, 5. 

3 CCAG vol. 8 part 2. 125-34. Cumant is credited with the edition only in the corrigenda 
(p:178), as a result it has sometimes been mistakenly ascribed tothe volume’ editor, CE, Ruelle. 

° The textual apparatus is entirely untrustworthy. On p. 133, for example, ten lines of ap- 
paratus contain four mislineations, three wrong readings ofthe manuscript, two redundant notes 
Feferring to the same word, and an irrelevant scrap of elementary paleographical notes 
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INTRODUCTION 3 


is less obvious. The order of its exposition is digressive to the point of confu- 
sion, and the assumed level of technical competence is far from consistent. 

To take one conspicuous example, a lunar longitude is computed in §§34-46 
although the procedure for carrying this out cannot yet have been explained. 

The author also shows a too great readiness to plunder other writers when 
he wishes to explain some important point, as when he passes on the burden 
of describing Ptolemy's innovations in lunar theory to the muddled and per- 
haps hostile Artemidorus, or when, to clarify the nomenclature of Ptolemy's 
lunar mean motions, he extracts from the works of Apollinarius page after 
page of contorted disquisition on the lunar periods, replete with expressions 
and concepts foreign to Ptolemy. It may be, then, that we are reading a draft 
of an unfinished work, or the class notes of a student (whose teacher may 
be alluded to in §40 and §44). 


2. Date 


The example in §§36-45 of a computation for 24 April, A.D. 213 probably 
indicates when the fragment was written, since ancient and medieval as- 
tronomers almost always, and quite naturally, picked examples with dates near 
the time of writing to illustrate their computations.” Rome was uncertain 
whether this computation was not part of the passage quoted from an other 
wise unknown writer named Artemidorus, which begins at §28*; it would 
then supply Artemidorus’ approximate date, and thus only a terminus post 
quem for the date of the fragment. There is, however, no topical connection, 
or only the most tenuous, between Artemidorus’ criticism of Ptolemy's al- 
Jegedly inconsistent handling of the lunar mean motions in the Almagest (§§28- 
32) and the ensuing demonstration and justification of a different discrepancy 
between lunar longitudes computed according to the tables in the Almagest 
and the Handy Tables. Suppose that these two topics had been discussed 
consecutively by Artemidorus: then the author of our fragment, having occa- 
sion to quote Artemidorus on the first topic, would hardly, one would think, 
go on copying after the subject had changed." On the other hand, such 
abrupt transitions of subject occur elsewhere in our fragment, and seem to 
bea habit ofits author or a consequence of the way in which the commentary 
was compiled. For this reason, I believe that our fragment itself was written 
about 213, and that Artemidorus therefore wrote shortly before this date 





‘Arare exception is found in Theosis commentary on the Almagest, Book 3 (Rome, CA vo 
2,907) and the recently discovered Book § (Tihon [1967)), Theon demonstrates how to calculate 
the suns and moon's longitude for a date in A.D, 323, long before Theor's career (ca. 360-380) 
These two passages seem to be excerpted from a freestanding computation of the positions of 
sun, moon, and planets for that date according to the Almagest and Havy Tables, composed 
perhaps by Pappas (fl. ca. 320)—or maybe it is Theomis own horoscope? 

* Rome [1931,2), 111-12. 

* The inferential partical that connects these passages (in {34) in the CCAG text isa mistaken 
insertion by Helberg. 

© But see the quotation from Apollinarus, §§64-88, which unquestionably goes on longer 
than our author needs 
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But even if this computation was taken from the work of Artemidorus or 
some other earlier follower of Ptolemy, the fragment could not have been com- 
posed at a much later time. A dating to about 213, within half a century of 
Ptolemy's own career, is consistent with the author's familiarity with pre- 
Ptolemaic writings and terminology: the commentators of the fourth and later 
centuries, to judge by the several extant examples, would not readily have 
turned to the obsolete work of Apollinarius for definitions of basic terms, 
and they pointedly eschewed such non-Ptolemaic expressions as “depth” (ba: 
thos) for a planet's motion in anomaly(Greco-Egyptian papyri from the third 
century similarly testify that at this time pre-Ptolemaic and Ptolemaic methods 
and data were competing, sometimes being found together in one docu- 
ment.!)From the fourth century on, at least in such culturally central places 
as Egypt and Constantinople, Ptolemy's tables and variations on them seem 
to have become the exclusive tools of all who would calculate the motions 
of the heavenly bodies, from the teacher of philosophy to the professional 





astrologer.!2) 


3. Models, Periods, and Tables 





Our fragment touches on many aspects of the pre-Ptolemaic and Ptolemaic 
theories and tables for solar and lunar motion, but in a haphazard and often 
allusive way. Brief explanations of some of th 
section, 


elements are given in this 









a) Notation. Except for degrees, minutes, and seconds of arc, sexagesimal 
fractions are expressed here in the standard modern notation, in which a semi 
colon follows the integer part, and commas separate the fractional digits, Thus 


13;10,5 = 13 19 + ffs 











Ptolemy's solar model.}? Ptolemy's theory of the sun's motion, which 
was substantially the same as Hipparchus, is discussed only incidentally in 
the extant fragment. It is sufficient to observe that, for Ptolemy, the sun moves 
with uniform speed along a circle that is slightly eccentric with respect to the 
earth and inclined at an angle of 23° 51' with respect to the plane of the equator 
(Fig. 1) 

The ecliptic, that is the projection of the sun’s eccentric circle on the celes- 
tial sphere, is a great circle intersecting the celestial equator in the two equinoc- 
tial points (Aries 0° and Libra 0°). The apsidal line through the earth and 
the center of the sun's eccenter is fixed with respect to the equinoctial points. 
The sun's longitude (2), like all celestial longitudes, is reckoned from the vernal 
equinoctial point, Aries 0°. The “mean sun’ (K), which is the longitude that 
the sun would appear to occupy if observed from the center of the sun’s path, 
be significant for Ptolemy's lunar model. 








HAMA, 808-13 and 944-48. 
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Figure 1, Eccentric m motion (oblique view from north, not to scale) 





c) The Hipparchian lunar model." Hipparchus' theory of the moon as- 
sumed a simple epicyclic model for its motion, although it is possible that 
Hipparchus himself came to be aware that such a model could not yield con 
sistently accurate predictions of lunar positions." The moon (Fig, 2) is as- 





sumed to travel uniformly along a circle, the “epicycle,” whose center travel 
uniformly in ection along a “deferent” circle concentric with 
the earth. The plane that contains these circles is inclined at a fixed angle of 
5° with respect to the plane of the ecliptic; their intersections, the lunar nodes, 
make a slow uniform retrograde motion about the ecliptic. The node through 
which the moon passes as it moves northward across the ecliptic is called the 
her the “descending,” and the point of the deferent 

halfway between the ascending and descending nodes is called the “northern 
limit.” The moon's mean (X) and true (4) longitudes are reckoned from Aries 
0°, ignoring the inclination of the moon's plane with respect to the ecliptic 
d) The period relations."® The three uniform motions in this epicyclic lunar 
model are the motion of the epicycle along the deferent, that of the moon 
along the epicycle, and that of the nodes along the ecliptic. These uniform 
(or “mean’) motions account for three conspicuous periodic phenomena in 
the moon’s apparent motion: its longitudinal revolutions through the zodi- 
acal signs, the fluctuations of its apparent speed, and its latitudinal devia- 





1e opposit 











‘ascending” node, the ot 





















7 suis, but wit evolving about the 
roduce geometrically ident ‘mode. Hipparchus. 
seems to have wavered between the two models y/s sake only the epicyclic model 

Ibe considered here. On Hipparchus’ possible doubts, see Toomer's note. Almages Toomer) 
‘Neugebauer, HAM 
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Figure 2. Hipparchus' epicyelic model for hunar motion (oblique view from north, not to scale) 


tions from the ecliptic. The periods of these phenomena are respectively the 
sidereal month (called “longitudinal revolution’ in our text), the anomalistic 
month (or “restitution in anomaly"), and the draconitic month (or “restitu- 
tion in latitude’); to which may be added the synodic month (called simply 
‘month’ in our text), which is the interval between the moon's successive con- 
junctions or oppositions with the sun. Except for the anomalistic month, which 
(so far as ancient a 





tronomy knew) is constant, these periods vary slightly 
in length because of the moon's changing speed. 

The mean relative lengths of these various months can be approximated 
by establishing some interval of time in which very nearly an integer number 
of each kind of month is completed. One such period relation, 


(1) 223 syn. m. 





39 anom. m. 
242 drac. m. 
= 241 long. rev. + 103 





is called the “periodic” (periodikos) by Ptolemy (Almagest IV 2), who ascribes 
it to the “even more ancient” astronomers. In fact relation (1) is a component 
of Babylonian lunar theory, and it was known to Greek astronomers perhaps 
as early as Aristarchus, that is in the early third century BC.” Because it will 
bring the moon from a situation of lunar eclipse (opposition with the sun 
while near a node) back to the same situation, relation (1) is an eclipse period: 
the pattern of occurrences of lunar eclipses will nearly repeat after 223 syn- 
odic months. 














Neugebauer, HAMA, 603-604, summarizing work of P. Tannery [1888]. Period (1) is often 
referred tas the “Saros”in modern discussions, although the application ofthis name is histori. 
cally inaccurate, In early Greek astronomy the quantities inthis relation were tripled to make 
4 period called the exligmos (turn of the wheel). The longitudinal component in relation (2) 
is not atested in Babylonian teats, and so may be a Greek innovation 
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A more accurate relation relating only the synodic and anomalistic month, 
(2) 251 syn. m, = 269 anom. m. 


was known to Hipparchus; it too was originally Babylonian. In order to verify 
the accuracy of relation (2), Hipparchus took the smallest multiple (by 17) 
of these intervals that would bring the moon roughly from a node to a node, 
so that lunar eclipses could be repeated at this longer interval. Incorporating 
other Babylonian values for the length of the year in synodic months and the 
length of the synodic month in days, he finally obtained the relation: 


(3) 126007 days + 1 hour = 4267 syn, m. 
4573 anom. m 
4612 long. rev. -7 } 





which he was able to show to be accurate by comparing pairs of observed 
lunar eclipses at this interval. By a similar method, Hipparchus also confirmed 
to his satisfaction another Babylonian period relation, 


(4) 5458 syn, m. = 5923 drac. m. 


so that he was able to determine accurate periods for all three of the uniform 
motions in his lunar model 

That this is what Hipparchus actually did, has been deduced only during 
this century from the newly accessible Babylonian astronomical texts and 
careful scrutiny of the information that Ptolemy gives in the Almagest.'* 








Ptolemy's account in Almagest IV, 2, which the opening of our fragment 
paraphrases, gives only a compressed and distorted version that implies that 
Hipparchus first determined relation (3) from observations, and that his values 
for the lengths of the synodic and anomalistic months, as well as relation (2), 
followed from it. Ptolemy himself adopted the mean motions derivable from 
(2) and (3) with slight corrections to which our fragment alludes (see also sec 
tion 4 below) 

e) Ptolemy's lunar model.}* Ptolemy's lunar theory incorporates a major 
modification of the epicyclic model, in order to correct the inaccurate lunar 
positions that it predicted. The discrepancy, as Ptolemy shows, could be ex- 
plained as an increase in the anomalistic variation of the moon's apparent 
motion when the moon is not in conjunction or opposition with the sun, In 
the Ptolemaic epicycle-and-eccenter model (Fig. 3), the moon's deferent circle 
no longer has the earth for center; instead its center revolves uniformly around 
anew circle centered on the earth, in the opposite direction to the revolution 
of the moon's epicycle along the deferent. The angle between the epicycle’s 
center and the deferent’s center as seen from the earth is always to be twice 
the elongation 7) of the mean sun from the epicycle’s center (the inclination 
of the moon's plane with respect to the ecliptic is ignored as negligible). This 

















se Toomer [1980 
® Neugebauer, HAM 





loping discoveries by Kugler [1900] and Aaboe [1955} 
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its greatest distance from 
the earth at both syzygies (f| = 0° or 180°), while it 





change in the model results in the epicycle's bein 
omes closest to the 





earth near the quad 





tures with the sun (f| = 90° or 270°), so that the ap- 





parent anomaly caused by the moon's revolving about the epicycle is greater 


than near syzygy. The moon's motion along the epicycle is 





uniform, not (as in the Hipparchian model) with respect to the line joining 
the earth to the epicycle's center, but instead with respect to a line joining 
the epicycle’s center to a movi on the concentric that bears the 
deferent’s center, that is always diametrically opposite to the deferent’s center. 

f) Ptolemy’ solar and lunar tables.» In both the Almagest and the Handy 
Tables Ptolemy sets out a pair of tables for computing the position of each 
of the sun, moon, and five pl 














ets. In the first table the uniform (or “mean’) 
motions of the various components of the model are tabulated for the intervals 
of time out of which a given date is composed. These mean motions deter- 
mine the instantaneous geometrical disposition of the model. The second or 
‘anomaly’ table has columns of functions which are used to derive from the 
mean motions the planet's apparent position as seen from the earth 

The mean motion tables share the same arrangement for each planet, al- 
though this arrangement is different in each of the two treatises. In the Almagest 
Ptolemy tabulates the increments in mean motion corresponding to a hier- 
archy of intervals: groups of eighteen Egyptian 365-day years, single years 





® Neugebauer, HA! 
Handy Tables as yet 
Thave used photo 





tifically usable edition of the 
ishopelesely uncelable, 
91 (for which see Neuge- 








id Leid. BPG. 71 
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(up to eighteen), Egyptian 30-day months, days (up to thirty), and equinoc- 
tial hours (up to twenty-four). The interval between a given date and the tables! 
epoch date (1 Nabonassar, month Thoth 1 = 26 February, 747 BC.) is decom- 
posed into these intervals, and the sum of the increments in mean motion 
corresponding to each is added to the value for the epoch date in order to 
obtain the value for the given date. The Handy Tables use a different era 
the era Philip (1 Philip, Thoth 1 = 12 November, 324 B.), and take as argu 
ments the actual components of the date expressed in the Egyptian calendar, 











instead of the elapsed intervals. For example, to compute the mean motions 
using the Almagest tables for the date 960 Nabonassar, month Payni 28 at 
midnight, one adds to the epoch value the tabular entries for 810 (= 45:18) 
years, 144 years, 5 years, 270 (= 9-30) days, 27 days, and 12 hours, Using 
the Handy Tables for the equivalent date, $36 Philip, Payni 28, one adds the 
entries for 526 Philip (a base year, tabulated at Js), 10 years, 
Payni, the 28th day, and 12 hours; the epoch value is already incorporated 
in the figure for the base year. 

The sun's eccentric model calls for a single mean motion and a single column 
in the anomaly table. In the Almagest the mean motion tabulated is the longi 
tude of the mean sun (4). From this one subtracts the longitude of the ec 
center's apogee, Gemini 5° 30 
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in the anomaly table to obtain the 
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gation of the sun from the apo 
‘equation,” The equation is then a 








dded to (or subtracted from, depending on 
whether the mean elongation is more or less than 180°) the mean sun to yield 
the sun's true longitude (2). In the Handy Tables the m 
the apogee is itself tabulated in the n 





nn elongation from 
wean motion table; this can therefore be 
entered in the anomaly table directly to obtain the equation. The equation 





result is added 
to the longitude of the apogee to obtain the sur's true longitude 
The moon's mean motion table in the Almag 


is added to, or subtracted from, the mean elongation, and 





t tabulates four mean mo: 
tions (Fig, 4): the mean motion in longitude (2), in anomaly (2, measuring 
the moon's 









elongation of the mean 
ude’), and the elongation 


notion on its epicycle), in latitude (@, 





moon from its northern limit, or “argument of lat 
of the mean moon from the mean sun (f) 

The anomaly table in the Almagest has four columns for computing the 
longitudinal equation, and one for the latitude. Let cx, ca, cs, c4, and cs rep- 
resent the functions tabulated in these columns. We firs find the “true anomaly 
,, reckoned from the line through the earth and the epicycle’s center: 








a =a + c(2h), 


subtracting if the double elongation, 2), is less than 180°, but otherwise 
adding. The equation c is then approximated by an interpolation between the 
extreme values cx(a) and c3(a) + c3(q), which are respectively valid at the 
greatest and least distances of the epicycle from the earth 


= aka) + ofa) 





The equation c is added to or subtracted from the mean longitude and mean 
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Figure 4, Mean motions in Ptolemy/s lunar model 


‘motion in latituc 





depending on whether the true anomaly is greater or less 
than 180°, to get the moon's true longitude (2) and true argument of latitude 





(@). The column for latitude in the anomaly table, cs, gives the latitude as 
a function of «, 

The Handy Tables differ from the 
motions the longitude of 





Almagest in tabulating as the lunar mean 
e of the moon's eccenter (i.e,, 2-4), the 





1 apogt 
double elongation (2), the mean motion in anomaly (@), and the longitude 
of the northern limit. The order of the columns in the anomaly table is changed 
to ci, C4, C2, C3, cs; but their use is not changed, except that the true longi 
tude is obtained by adding the equation c to the double elongation 2A, and 
subtracting from their sum the longitude of the eccenter’s apogee (2-1); 
while the true longitude added to the longitude of the northern limit gives 
the argument of latitude. 

Foran illustration of how solar and lunar longitudes are computed by both 
sets of tables, see the notes to §36 below 





4, Artemidorus 


Our fragment quotes two astronomical writers besides Ptolemy. §27 in- 
troduces a passage from a work by a certain Artemidorus. No other ancient 
reference to this man is known." His date is fixed between Ptolemy's publi- 
cation of the Almagest, which was later than A.D. 147, and A.D. 213. 
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Artemidorus reveals himself in §§28-32 as a not very intelligent critic of 
Ptolemy's methodology in establishing his lunar theory in the Almagest 
Ptolemy began by assuming the same period relations (3) and (4) that Hip- 
parchus had tested by comparing observations of lunar eclipses. On the basis 
of the mean motions derived from (3) and (4) and further eclipse observa- 
tions, Ptolemy determined the other necessary elements of a simple epicyclic 
lunar model, namely the relative dimensions of the deferent and epicycle, and 
the epochs of the mean motions. With these data, however, Ptolemy was able 
to show (Almagest IV, 7 and 9) that Hipparchus’ mean motions in anomaly 
and latitude required very slight corrections. Ptolemy was aware that it would 
not be strictly legitimate to assume his corrected mean motions at the start 
of a line of mathematical reasoning that led to these very corrections, and 
so in his working out of the dimensions of the lunar model from eclipse ob- 
servations in IV, 6, he uses the Hipparchian mean motions, while taking care 
to point out that the discrepancies between these mean motions and his final 
approximations are insignificant over the time intervals that he uses in this 
chapter. 

‘Artemidorus' version of these circumstances seems somewhat confused. He 
begins by setting out some of the elements of Ptolemy's lunar model, specifi- 
cally the Hipparchian period relation (4) initially assumed by Ptolemy, a du- 
bious parameter for longitudinal motion, the maximum lunar equations at 
the epicycle’s least and greatest distance from the earth, and Ptolemy's defini- 
tion of the epicycle’s apogee. Artemidorus then asserts (§30) that Ptolemy es- 
tablished the period of restitution (apokatastasis) of anomaly through these 
assumptions, and that, although he made a correction to Hipparchus’ mean 
motions, he did not use the corrected values in his analyses of eclipse observ 
tions.2® So, he concludes, the theory in the Almagest will not predict syzy 
in agreement with fact. Artemidorus thus not only ignores Ptolemy's valid 
statement that it makes no difference which set of mean motions one assumes 
for the computations of Almagest IV, 6, but also misrepresents the reason 
behind Ptolemy's corrected values. As we have seen, Ptolemy corrected the 
mean motions in anomaly and latitude on the basis of his preliminary, simple 
epicyclicmodel, After he has derived the parameters of his epicycle-and-eccenter 
model in Almagest V, 3-5, he shows at length in V, 10 that the difference be- 
tween this model and the simple epicyclic model is negligible for the analyses 
of eclipse observations in Almagest IV. 

‘There remain three curious points to be noted in the quotation from Ar- 
temidorus. First, he ascribes to Ptolemy a motion in longitude associated with 
period relation (4); this is discussed below in the note to §28. Second, he states 
that the armillary sphere that Ptolemy describes in Almagest V, 1 for observing 

















2 Almagest Heiberg), 304-205, [Toomer]. 192 with Toomer’ note 34. 

3 Lam driven to believe. in spite of Artemidorus vague expression, that in §31 the “opera 
tion of the syzygies" refers to the analyses of lunar eclipses in Almagest IV, 6-9, which isthe 
only section of Ptolemy’s lunar theory where the question of different values for the mean mo 
tions arises. It is probably just a coincidence that Artemidorus words resemble the tle of Almagest 
VL. 2, where Ptolemy gives instructions for computing dates of syzvgies: this chapter makes no 
use of the preliminary values for the mean motions 
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Junar positions had a diameter less than one foot, a datum not given by Ptolemy 
in the Almagest. Did Artemidorus have more knowledge of Ptolemy's equip- 
ment than we? Considering his early date (before A.D. 213), itis possible that 
he had actually seen Ptolemy's instruments, but it is more likely that he con- 
sulted a lost work of Ptolemy's that gave specific dimensions of a similar ob- 
servational instrument.2* Third, he refers only to the new definition of the 
lunar epicycle's apogee as Ptolemy's innovation, in a way that seems to imply 
that the epicycle-and-eccenter model itself was not original; but since Ar- 
temidorus’ accusations in the quotation as a whole are inaccurate, to draw 
historical conclusions from his silence at this point would be hazardous. 











5. Apollinarius 


Except in citing observations, Ptole 
Hipparchus in the Almagest. The necessary inference is not that theoretical 
astronomy stood still during the three centuries after Hipparchus, but that 
Ptolemy considered his own theoretical work to owe nothing to the as- 
tronomers of this period. Concerning the theory of the five pl 


Wy names no astronomers later than 














ets, for ex 
ample, Ptolemy tells us that Hipparchus went no farther than to compile a 
list of observations and to refu cir means the models of play 
tion that prevailed in his time. Yet Ptolemy goes on in this passa 
ion certain planetary tables devised by other astronomers based on eccen- 
tric, epicyclic, or epicyclic-eccentric hypotheses, attempts that he dismisses 
as entirely wrong-headed.” Even Hipparchus’ work on lunar theory prob- 
ably did not reach the point where he could publish tables for predicting lunar 
motion, since he was unable to deduce a consistent value for the magnitude 




















of the moon's maximum equation of anomaly according to a simple epicyclic 
‘or eccentric model.** The lunar tables that seem to have been in almost 
universal use in Ptolemy's own time can be reconstructed from three Greco- 
Egyptian papyri discovered in this century, with some help from the second- 
century astrologer Vettius Valens; they turn out to represent a compromise 
between a simple Babylonian procedure for predicting lunar longitudes on 
successive days, and theoretical elements that must date from after Hipparchus. 

The Babylonian procedure assumes that the moon's longitudinal advance 
on successive days can be represented by a linear “zigzag function, that is 
an alternation of equal time-intervals in which the function linearly increases 
and decreases between a maximum and minimum value. The particular 
zigzag function used for the lunar daily motion has a period of 248/9 days, 
so that the period relation 











(5) 9.anom. m. = 248 days 
# See the note to 429. 
See however 567 
1K 2 
For these “Aton-tables : 
# Almapes IV, 1 Heiberg, vol. 1, 38-39, 
Jones (1963), 2-1 
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is implicit in the scheme. The upper and low 
tion are 15° 14 35” and 11° 6'35,” resulting in a mean motion of 13° 10° 35 
per day. These parameters, which are sufficient to define the zigzag function 
for daily motion, were transmitted into Greek astronomy as discoveries of 
the “Chaldeans,” and period relation (5), at least, was used by Hipparchus 
to supply an index of the moon's anomalistic motion over short intervals 
At some uncertain date after Hipparchus, period relation (5) and the con- 
cept of a zigzag function for lunar daily motion fitted to it were made into 


f the lunar daily mo- 














components of the more elaborate scheme for predicting lunar longitudes and 
latitudes that seems to have been popular in Ptolemy's time.*” The equipment 
for this scheme consisted of two tables, The first gave the moon's longitude 
and argument of latitude (2. and ) at a succession of epoch dates. The in- 
terval between epoch dates was usually 248 days, but eleven such interval 








were followed by an interval of 303 days, making a larger period of 3031 days, 
Because both 248 days and 3031 days are approxim 
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numbers; the values at the preceding epoch date taken from the first table 
and the subsequent increments from the second. 








In an often discussed passage of his astrological treatise, Vettius Val 
us that he did not have the time to compile lunar and solar tables for himself 
and so (as the only manuscript of this section reads): 
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biguous. 
> Jones [1983], 23-27. It is remarkable that the evidence for Hipparchus’ uve ofa crude 248 
rmalistic cycle comes from an observation (quoted in Almaget V3 [Helberg], 363; [Toomer 

128 BCC. one ofthe last known observations by Hipparchus, and years later 
ions by which he confirmed the accurate period relation (3). This is clearly 








2FVomes [1983], 14-30. 
% “Both kinds" certainly means both solar and lunar tables." The not 
is alluding to 3 both solar and lunar eclipses (eg, Neugebaver, 
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Sudines and Kidynas are referred to elsewhere in Greek sources as authori- 
ties on Babylonian astronomy,*® but who is this Apollonius? He has variously 
been identified as the geometer of Perge (known to have studied the geomet- 
rical properties of epicyclic models) or more plausibly as a certain Apollonius 
seems to have written about Babylonian astronomy.* But 





of Myndos wh 
elsewhere Vettius Valens writes: 





Foreven Apollinarius, who worked out [tables] in accordance with the phenomena 
using t ions and demonstrations of complicated periodic restitu: 
tions [?] and spheres, and who brought censure upon many, admits to erring by one 
degree or even two. 






ancient observ 





Vettius Valens is certainly quoting the same person in both passages; hence 
Thave proposed that at least the second “Apollonius” in the first passage is 
a scribal error for “Apollinarius."™ And since Valens seems always to have 
used lunar tables of the type described above, it seems highly probable that 
one redaction of these tables was made by Apollinarius. 

There are in fact several ancient allusions to Apollinarius, testifying to his 
importance as an astronomer.” The references by Vettius Valens (writing ca 
A.D. 160) and Galen (late second century) give an upper bound to his date. 
If ours is the Apollinarius who wrote an astrological work cited by Porphyry 
and Paul of Alexandria, his career probably falls in the first or early second 
century of our era. Both Paul and Porphyry write that Apollinarius, like 
Ptolemy, used geometrically derived values for the ascensional arcs of the 





equator that rise simultaneously with the zodiacal signs, Porphyry groups 
Apollinarius and Ptolemy together as “moderns” (neoteroi) in this respect, as 
‘opposed to the “ancients” such as Thrasyllus (died A.D. 367) and the apocry- 
phal Egyptian Petosiris who used Babylonian-style arithmetical methods to 
‘obtain the ascensional arcs; and indeed the theorems in spherical geometry 
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(On Kidynas (or Kedenas), see §24 and note. References by Greek and Latin authors to 
mas, Sudines, and other Babylonian astronomers are discussed by Neugebauer, HAMA, 10, 
% [dentifcation as Apollonius nont [7910], Of three ancient references to 
this man, tha of the ast "Anonymous of A.D, 379" isthe most relevant here: The Babylo- 
nians and Chaldeans we 10 discover the knowledge of the [astronomical] 
phenomena, as we learn redecessors; for Apollonius of Myndos and Artemidorus 
report thus” (CCAG vo. 204, 

‘Veltius Valens VI 3, [P 29 


















Krolll, 250). Pingrees emendation of vax ap: 
this context to dxoKaraordoua ("periodic rest 





% Jones [1983], 31. Pingree adopts this conjecture 

The garbled lst ofr ‘writers of tables’ dacover 
Anatea, 140, reprinted in Vettixs Valens [Pingreel, 485) is certainly 
Script of Valens IX, 12, and confirms that Apolinarius’ name appeat 
Tontus is cited. 

* These are collected by Neugebauer, HAMA, 601 note 2. To his list may be added Vettius 
Valens IX, 11 as emended, and Galen's commentary on Hippocrates’ Airs, Waters, Places (For 
which see Toomer [1985]. 109 and 203-204 
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necessary to compute the ascensional arcs correctly first appear in the Spherics 
of Menelaus (ca. A.D. 100). 

Apollinarius’ specific contributions to solar and lunar theory remain un- 
clear. In the second passage quoted above. Vettius Valens says that Apollinarius 
made a highly critical revision of his predecessors’ lunar theories and tables, 
based on reports of earlier observations and computations involving periods 
(2) and cinematic models. This account is perfectly consonant with the pas- 
sage that our fragment quotes from an unnamed writing by Apollinarius 
(§§65-86). This appears to be an excerpt (possibly abridged by our fragments 
author) from a work that concerned the mean motions of the moon. In it 
Apollinarius first defines the four fundamental periods of the moon's motion 
(the longitudinal revolution, and the anomalistic, draconitic, and synodic 
months) and describes the way in which the moon's anomaly introduces vari- 
ations in the length of the synodic and draconitic months. He then examines 
in some detail how the anomaly interferes with an attempt such as Hipparchus’ 
to establish a period of lunar latitude (containing whole numbers of draco- 
nitic and synodic months) from pairs of eclipse observations. The quotation 
ends with Apollinarius' declaration that the ideal conditions for establishing 
such a period cannot occur within a reasonable range of years of observation. 
Unfortunately we are given no hint of what compromises with this unattain- 
able ideal Apollinarius considered acceptable. Nevertheless it is interesting 
to compare Apollinarius’ doubts about Hipparchus' confirmation of his latitu- 
dinal period with Ptolemy's subsequent approach to the same problem. We 
know that Ptolemy found fault with Hipparchus’ procedure both on the same 
grounds as Apollinarius (because Hipparchus wrongly treated the effect of 
Junar anomaly as negligible) and for a further reason that Apollinarius seems 
not to have considered, that Hipparchus had ignored the varying distance 
of the moon from the earth. Ptolemy first attempted to get around these 
difficulties by modifying Hipparchus' procedure with corrections for the moon's 
anomaly and distance.“ He subsequently discovered that his assumptions 
concerning the moon's distance and the apparent sizes of the moon's disc and 
the earth’s shadow, taken from Hipparchus, were incorrect: and so in the 
Almagest (IV, 9) he used a pair of eclipses at which the moon's distance was 
predicted by theory to be equal, and made a correction only for anomaly. 

Apollinarius presumably revised the numerical parameters of his solar and 
lunar tables on the basis of his investigation of the periods of mean motion 
We do not know, however, whether the version of the“248-day’ lunar scheme 
represented in the three papyri (our only source of exact parameters used in 

















* In IX. 11 ([Pingree}, 339) Vettius Valens app: 
rising ares: "For let us pass over speaking of how repancy, both geometrical and arith 
retical, the compilers of schemes of ascens imy rendering ofa textually 
dubious passage — Pingree punctuate differently, but itis hard to see what his text would mean) 
In practice Valens always uses qi metical schemes forthe ascension. 

eAlmagest VI. 9. See the note to 

‘© Ptolemy “published” the mean latitudinal motion resulting from this procedure in his Ca 
noble Inscription (A.D. 146/7). For detailed discussion, see Hamilton et a. [19871 
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the scheme) are the “Apollinarian” recension, With our present knowledge 
we can only list the innovations in the lunar scheme of the papyri (compared 
to the simple Babylonian scheme), which can be attributed to a Hellenistic 
astronomer (or astronomers) who may have been Apollinarius. These inno- 
vations include a fundamental mean lunar motion in longitude of 13;10,34,52: 
per day, and in latitude of 0;52,55,2,45 “steps” (13;13,45,41,15°) per day; an 
33,16,21 days; an intermediate period relation 
‘equating 3031 days and 110 anomalistic months; and zigzag functions for lunar 
motion in both longitude and latitude that produce a maximum lunar equa 
tion of approximately 5° 4’ 30°45 A maximum lunar equation of about 5 
looks like a parameter derived from eclipse observations, since this is about 
the maximum equation at conjunctions and oppositions (compare Ptolemy's 
value at syzygy, 5° 1), but not at other times; the zigzag function of the Babylo 
nian scheme has a much greater amplitude, giving a maximum equation of 
about 7° 7., Hipparchus invented the method of extracting the size ofthe lunar 
epicycle (or equivalently the eccentricity in a simple eccentric model) from 
observations of lunar eclipses, but because of errors he arrived at inconsistent 

someone after Hipparchus 
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period in the epoch table 
Neugebauer, HAL this fact nor is my former account (Jones 1983) 
16) satisfactory. For the reconstructed zigzag functions (Jones [1983], 18-19), l would now con- 


jecture the following parameters 
daily longitudinal mot 
‘maximum = 14,38,59,18,40 
‘minim = 1174210, 
‘mean = 13:10,36 
ddily latitudin 
ean = 0:52.55 












These changes do not affect the truncated values in Table 4 (pp. 2 


For completeness it should be rematked thatthe Sanskrit Pacasidahantik, based ultimately 
ton Greek sources through several streams of transmission, reports substantially the same lunar 
scheme ax described above, but with variant inthe parameters (lones [1983] 11-16 23, 33-3) 
The extent to which these variations are due to roundings and other accidental causes isnot clear. 
“8 Hipparchas two results, quoted by Prolemy (A TV. 11), would produce maximum 
‘equations of about 4° 33° and 5” $8 

7 See 4§80 and note. 
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feature in the lunar tables? The mean motions in longitude, latitude, and 
anomaly underlying the scheme of the papyri cannot be derived from the 
Babylonian period relations (1), (2), or (4), and so probably point to a post- 
Hipparchian attempt to establish more accurate mean motions, such as Apol- 
linarius appears to have made. 

Thus while it is possible that Apollinarits only tinkered in small ways with 
the structure and parameters of a scheme of lunar tables that was already 
established in his time, what evidence we have is also consistent with the hy- 
pothesis that Apollinarius was responsible for some or all of the major changes 
by which the Babylonian scheme was transformed into the scheme of the 
papyri. At least, whoever made these changes seems to have been doing the 
same Kinds of things that we believe Apollinarius did. Either way, Apollinarius 
lunar tables would have been characterized by a paradoxical combination of 
scrupulously precise numerical parameters and a Babylonian methodology 
of arithmetic functions imperfectly representing the behavior of geometrical 
models. 

‘As a postscript to this discussion of Apollinarius’ contribution to lunar 
theory, it may be mentioned that Achilles, a third-century commentator on 
Aratus, lists Apollinarius along with Hipparchus, Ptolemy, and one Orion 
as having studied solar eclipses “in the seven climata,” that is, the intervals 
at which solar eclipses can be seen, and at what terrestrial latitudes.*? But 
of his work on this complicated problem we kr 








6. Manuscripts 


‘Two manuscripts preserve the fragment, but one is merely a copy of the 
other and thus of no value as a witness to the text, The only substantive copy 
is in the parchment codex Par. gr. 2841, which has been described by Omont 
in his inventory of the Parisini graeci and by Ruelle in the CCAG.™ It is a 
palimpsest, of which the original writing (parts of the Septuagint) has been 
dated by C. Ruelle and A. Olivieri to the eleventh century, and less definitely 
by A. Jacob to the tenth or eleventh®!; we are concerned only with the later, 
thirteenth-century hand's work.* The first part of the manuscript, ff. 1 
contains Aratus’ Phaenomena, while the remainder is devoted to an incom- 
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plete and disordered copy of the astrological treatise of Hephaestio of 
Thebes. Hephaestio's Book 3 begins on f. 26 and ends in mid-sentence in 
the middle of line 11 of £. 32. The writing continues without interruption on 
this line, but with our astronomical fragment; the break is indicated only by 
sense. The fragment stops on f. 34", line 23, with the remainder of the page 
(ie. about space for eight lines) left blank. On f, 35 the text of Hephaestio 
begins again, now from the beginning of Book 1, and it continues to the bottom 
of f. 66%, where Book 2 is interrupted, again in mid-sentence. Although the 
present binding makes examination of the manuscript’s physical composition 
difficult, breaks between quires can be discerned before ff. 26 and 35; hence 
itis probable that the misordering of Hephaestio's books and the loss of the 
end of Book 2 occurred originally through damage to this manuscript, On 
the other hand, the exemplar from which Par. gr. 2841 was copied must itself 
have been defective, since the specious continuity of the astronomical frag- 
ment with the mutilated Book 3 of Hephaestio points to the loss of some quires 
not noticed by the scribe of Par. gr. 2841. The fragment itself may have been 
preserved on a few stray leaves bound in place of the lost end of the exemplar, 
since it seems too brief to have taken up a whole quire 

Par. gr. 2415, asixteenth-century manuscript in a hand identified by Omont 
as that of Nicolas Sophianos, is a copy of the text of Hephaestio in Par, gr. 
2841 (with our fragment following the incomplete Book 3 on ff. 50°-55), as 
was determined by A. Engelbrecht.** Cumont nevertheless cited its readings 
in his apparatus, and often preferred them to those of Par. gr. 2841, not always 
with reason. 


7. Editorial Conventions 





The present edition of the fragment was prepared from photographs of Par. 
gr. 2841 (a), and subsequently corrected by direct examination of the manu- 
script. Par. gr. 2415 (a) was also collated at that time, but its variant readings 
are cited in the apparatus only when they have been adopted in this edition 
cor Cumont's as emendations. I report all emendations adopted by Cumont, 
but not all errors in his text. 

In the translation I have attempted to follow the conventions for rendering 
technical terminology of Toomer’s translation of the Almagest®*; in partic- 
ular, my explanatory glosses are indicated as such by being enclosed in brackets. 
For ease of reference the fragment has been divided into numbered sentences, 
indicated in the margin of text and translation. The beginning of a new page 
in Par. gr. 2841 is indicated in the text by a vertical bar and in the margin 
by the folio number preceded by the letter A. Pages of the CCAG text are 
similarily indicated by the page number preceded by the letter C in the margin. 


gree, Hephaestio vol. 1, x-xi 
(1887, 9; ef. Pingree, Hephaest 





vol. 1, sil. Descriptions of Par. gr. 2415 in 
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the foregoing intervals, a restitution from one eclipse 
always to another similar eclipse is demonstrated by 
Hipparchus, [always] containing the same number of 
months, and [always] taking up the same number of 
[longitudinal] revolutions, 4611, plus the same number of 





1 in accordance with [the moon’s] syzygies 
with the sun. But the repetition of eclipses turns out to 
preserve equalities only with respect to intervals of time and 
longitudinal revolutions, not with respect to magnitudes 
and similarities in [the direction of] obscuration. In general, 


degrees, 3 





however, if one does not concern oneself with the number 
from eclipse to eclipse, but rather the number from simple 





syzygy to the like, one would find the time of restitution in 


months and anomaly by taking their common measure, 7 





which comes to 251 months and 269 restitutions of 
anomaly; but [one would find] that the latitudinal restitution 
isno longer completed too. This period is said to have been 
discovered by Kedenas; and many prove to have used it, as 





has Ptolemy, albeit with a correction. But already 
Hipparchus, after determining the time of restitution in 
anomaly, had compared intervals of months having [at each 
end] eclipses that were absolutely alike and equal in 





magnitude and duration, and in which there was no 
discrepancy in anomaly, so that the restitution of latitudinal 
motion was thereby demonstrated, in 5458 months and 
23 latitudinal revolutions; and he published this interval 
Lunar and solar eclipses worked out according to this 
hypothesis are indeed found to be in bestagreement with the 
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phenomen: 
The period o 





given the same theory for the eccentricities. 
f 5458 months contains 122 eclipses at five- 
month intervals, and 808 at six-month intervals; for five 
times 122 is 610, and six times 808 is 4848, and together 
they make the 5458 months of the period 

Such were the methods that the more ancient 
[astronomers] and Hipparchus used; what Ptolemy 
these things, will be stated later, You might reasonably ask 
why, among the foregoing periodic restitutions, the 
restitutions in latitude are more numerous than all the 
others 


added to 











and after them the longitudinal revolutions, which 
are fewer than the latitudinal ones but more numerous than 
those of [the moon’s] anomaly; and again the periods in 
anomaly, though fewer than the [longitudinal] revolutions, 
are more numerous than the number of months. To make 
this still clearer by an example, let the hypothesis be the 
period adopted by the ancients, which we said was 223 
months. In these 223 months the periods in latitude are 
found to be 242, the longitudinal revolutions 241, those of 








anomaly 239, and, as was said, the months 223. Hence it is 
evident that the smallest number of all is that of the months, 
being 223, and the greatest number of all the periods is that 
of latitudinal {periods}, which is 242, and in between are the 
number of longitudinal revolutions, 241, and that of 





anomaly, namely 239. And obviously 241 is less than 242, 


and 239 less than 241, and the months, 223, are fewer than 





PTOLEMY'S FIRST COMMENTATOR 








$18 





TEXT AND TRANSLATION 25 


all the other numbers. The reason for this is that the 
latitudinal restitution takes place in approximately 274 
days, [the restitution] in longitude in 274 days, [the 
restitution] in anomaly in 274 days, and the [moon’s] 
catching up with the sun after conjunction in approximately 
293+ 45 days. For since, as we have said, the sun’s circle is 
effectively the same as the ecliptic, because when projected 
through its own plane it meets [the ecliptic], and just as [the 
ecliptic] is inclined with respect to the equator, and [the 
ecliptic and equator] have two equinoctial points as 





intersections, so too the moon’s circle, along which its 





progress takes place, is inclined with respect to the sun's 
[circle]; therefore if the lunar plane too is projected, the 
intersections of the two circles [i.e. the moon's and the 
ecliptic] are at some two points, which are specially named 
their ‘nodes’, and the one from which the moon travels 
northward, since this direction is higher with respect to us, 
is named the ‘ascending node’, while the one from which it 
travels southward, becaus 
respect to us, is named the ‘descending’ node. The entire 
plane of the moon does not remain stationary like the sun’s, 
but shifts uniformly towards the leading parts of the 
zodiacal signs, as from Aries to Pisces, approximately 3 
minutes [of arc] each day. This is evident from the eclipses, 
which, taking place near these nodes, are observed at 


this direction is lower with 








sequential times in [progressively] leading signs; for if the 
lunar plane and the nodes stayed still like the solar plane, the 
eclipses would occur always in the same places 

Now the [moon’s] latitudinal motion is reckoned on 
[the moon’s] own inclined circle, and its greatest deviation 
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ude [is reckoned] a 





irection; but the [motion] in 








rence to the [plane 








tic, since this makes no p 





ceptible difference with 








jespect tothe a a. 
Th 


‘motion during each 


parent lon, 





migon is seen to make its least, mean, and greatest 





month, starting from a different 









motion] each time, and not reattaining the same [motions] 
exactly. The reasons forthisare stated in the [section] on {the 
ns] anomalies, But from what has been said above, th 





stated anomaly is evidently not restored atthe same time as 





the moon's} longitudinal motion, but isin excess by 2°46' 





fas has been observed. Now if we 














mc atthe beginning of 
Aries and at one of the n 4 making its conjunction 
with the sun and starting it ourses (ie, moving most 


slowly), and that thereafter a month elapses during which 





there is motion inthe solar and lunar models), the moon in 
Sti will first reach the 
tof the 





its revolution about its own cite 











approximately at Pisces 284°. Then 
back to the beginning of Aries, and after that it will be 


restored in anomaly, having taken up an additional 2 46° 











towards the mean, {it will be restored] to moving as be 


why]. Next after the 
‘up with the sun (wh 














\ditional motion), will complete its monthly 


or it was said [above] that the lattudi 
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longitudinal [restitution] in274 days, thatin anomaly in 27} 
days, and the catching up with the sun after conjunction in 
approximately 294+35 days. 

Hence, finding as was said, a time encompassing in 
common all the foregoing restitutions of [the moon] in 
different numbers, [the ancient astronomers] called it a 
‘period’: the number of latitudinal restitutions in it is 
greatest because they are the fastest; less than them is the 
[number] of longitudinal revolutions of [the moon], and still 
less than this is [the number] of anomalistic [restitutions] 
because they take place in a longer time. The monthly 
intervals, being greater [in length] than all the foregoing 
{kinds of month], are contained [by the period] in a fewer 
number than they are. 

Artemidorus writes the following about the compu- 
tations according to Ptolemy: ‘Ptolemy assumes that the 
moon completes 5923 cycles in latitude in 5458 months, in 
agreement with Hipparchus, and that it takes up in addition 
to whole circles 103° 45' in longitude; the maximum 
equations in depth [are as follows]: when the center of the 
epicycle is at the greatest distance, the difference [i.e. 
maximum equation] is 5° 1’; when at least distance, 7 39’. 
[Ptolemy] seems to innovate on account of certain 
phenomena observed by means of an instrument of less than 











a foot in diameter: for the moon, that the epicycle’s apogee 
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does not point always to the earth’s center, but to that point 
on the [line] between the two centers that has a distance 
[from the earth’s center] in the direction of the perigee of the 
[moon’s] eccentric circle equal to the [line] between the two 
centers. By means of these [hypotheses] he makes the 
restitution of the anomaly. But although he corrected the 
mean motions of the moon according to Hipparchus, which 
[Hipparchus] sets out by the hypothesis of the 5458 month 
[period], nonetheless in the operation of the syzygies he has 
used this very monthly advance in longitude thatarises from 





the 5458 month [period]. Itis evident from this thatthe time 
of syzy 





will not encompass the same place as that 


(derived] from the Syntaxis [i.e Almagest]. Thus it has 


come about that there are some things that [Ptolemy] 





demonstrates through his own observations, but has not 


followed, assuming other things instead.” 

There is a shortfall [in longitude] of 17 minutes in the 
direction of the leading parts in the case of the moon in the 
Handy Tables with respect to the [longitudes] in the 
Syntaxis. The [computations] from the tables, following 
[those of the Syntaxis] are as follows. Those from the 
years have been 





Syntaxis, according to which 95 
completed from Nabonassar to the time in question: the sun 





at Taurus 2° 7' in true position, and its mean position was 
[Taurus] 0° 48', and the difference due to eccentricity was 
1° 19, The moon was at Scorpio 26° 16' in mean motion, and 
the center of [its] epicycle was 50° 58" from the eccenter’s 
apogee. Hence the center itself was 324° 16’ in tue motion 








c 


from the epicycle’s apogee, on account of which the 
difference [i.e. equation] was 2 56’. [The moon's] true 
and it was 28° 46' from the 





position was Scorpio 29° 1 


northern limit in true motion. 
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The [computations] from the H 





Tables are ne 
the same [for the sun]—for at most they differ by two 
minutes from those computed [above 1 he [?] sets 
these out too in the same way. The sun is 325° 20' from the 





apogee; 1° 19' corresponds to this [in the table of solar 





and the sum is 326° 39". When these are counted 
off from Gemini 5’ 30’, they reach Taurus 29’. The apogee 


of the moon’s eccentric circle was 174 22' from the 


anomaly 








beginning of Aries, the center of the epicycle was 50° 22 
from the eccenter’s apogee, its center was 323° 55' from the 
epicycle’s true apogee. And consequently he [?] added on 


2' 56’. These, added to 50° 22', make 5 








3 18; 
d count off the remainder, 


ad if we 





subtract 174° 22' from these ai 


238° 56 inning of Aries, we will get the moon’s 
true position, Scorpio y 17 
minutes from the [figure] from the Syntaxis; this happens on 





, from the be 








8° 56’. It differed therefore 


account of the variation in the solar days [i.e. the equation 
of time] 

Let us dismiss for now the subject of the moon’s 
motions as taken from the Syntaxis; and now let us speak of 


those from the Handy Tables. Five time intervalsare laid out 
year intervals, 





similarly here as for the sun, first 
secondly single years, thirdly Egyptian months, fourthly 
daily course, fifthly hourly [course]. The houristaken inthe 


same way, as reckoned from noon, but the seasonal hour is 
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converted to the equinoctial hour [forthe meridian] through 
Alexandria, so that the computation is differentin respect to 
the hours. For [you] enter as many equinoctial hours as you 
obtain after noon. You still take the same [number of] 
yearintervals and single years and the same monthas for the 
sun. But because of the equinoctial hours, the day could be 
subject to some shiftings. 

Unlike the sun, which has one thing to record in degrees 
and minutes for each [component of] time, in the moon's 
case the true longitude is not found by a single addition of 





degrees, but rather there are several columns of numbers 
adjacent to the 25-year intervals and single years and 
months, and likewise to the days and hours; for the 





longitude is computed through three columns of degrees 
and minutes adjacent to these [time intervals] 

There is another difference between the moon's 
computation and the sun’s. For the sun we entered in the 
table of anomaly all the numbers found forthe mean motion; 
but for the moon we do not enter in the table of anomaly all 
the numbers remaining afteracircle orcircles (i.e. multiples 
of 360°], but only in pairs, as we shall show, For it is as 
follows. For the sun we computed only the [mean] 
longitude, but for the moon there are three places computed, 
which are situated right next to the place [i,e. column] of the 
sun’s longitude. The one after the column of the sun’s 
longitude is a column containing the numbers [of degrees] 
¢ of the moon, which has the title ‘Of the 
next to this lies the column containing 











of the ape 





eccenter's apogee’ 
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the numbers of the moon’s longitude, which is entitled “Of 
the epicycle’s center’ (but in some copies it is entitled thus: 
‘Longitude of the epicycle’s center’). Next to this lies the 
column of [the moon’s] depth, with the title ‘Of the moon’s 
center’ (or in some copies 
‘These are the three places that one should count up, that is, 
one should compute the numbers in them, if one intends to 





“Depth of the moon’s center’) 


find how much the moon has moved in longitude; for the 
‘Northern limit’, that is the latitude, which is recorded in the 
next column, or the column entitled “Heart of the lion’ 
which lies next in some copies, is not useful for the 
longitude, but rather forthe [computation] of eclipses, as we 





shallexplain next. These three columns, those of the apogee 
and the epicycle and the depth, lie next to all the numbers of 
-year intervals and single years 





mean motion, that is the 
and the rest of the five time intervals. 

Given that four different things are contemplated in the 
lunar motion, namely longitude, depth, latitude, and 
monthly restitution (which is reckoned relatively from the 
return to the same position with respect to the sun), itis fair 
to ask how, when people speak of ‘revolution of the zodiac 
and ‘restitution of anomaly’ and of ‘catching up withthe sun 
after conjunction’'—which of these fits which of the 
{ 
computation in the treatise and [the headings] are set down 
‘Of longitude’, ‘Of anomaly’, ‘Of latitude’, and ‘Of 
ion’, which of these is the same as [which of] the 








xpressions] stated above; and again, when there is a 


elong 











wry 


are 
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stated [expressions]. For it is clear that the latitude is the 
same as what is entitled ‘Northern limit’ in the Handy 
Tables, because the descent or ascent northward or 
southward delimits the latitude of the motion. Again, when 
in the Handy Tables there is computation of the eccenter’s 
apogee, which 








also entitled ‘Of the zodiacal apogee of the 
eccenter’, and also of another, which is entitled ‘Of the 
moon’s center’ (or as some [copies have it] ‘Depth of the 
moon's center’), the synonymity of these should, I think, be 
obvious, at least if we define them individually 
Apollinarius says the following about them: “Month” 
is the interval [resulting] from the combined motion of the 
sun and moon, “Restitution of latitude” is the name of the 
interval from when the lunar center coincides with the 
ecliptic to when it has revolved through the latitudinal limits 
and is returned to the plane of the ecliptic. “Restitution of 
depth” is the name of the interval in which the exact apogee 
of the surface of the star’s [i.e. moon’s or planet's] sphere, 
starting from the exact apogee of its own motion, is returned 
again to its exact apogee. “Restitution of longitude” is the 
name of the period in which the center of any star, having set 
out from some plane of [one of] the circles drawn through 
the poles of the zodiac [i.e. ecliptic], and having revolved 


around the zodiac, is returned to that same plane from which 
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$69 it began revolving. Besides, a restitution is called [either] 
“mean” or not [mean]. 
$70 ‘Now the length of a month has been determined as 
being acomposite of the motion of the sun and moon; forthe 
moon, after starting from its conjunction with the sun and 
revolving around its own circle, takes up additionally as 
much arc as the sun has traversed during the intervening 
time until the catching up. The reason for the variation [in 
its length] is the depth, If therefore the length of the month 
has been determined, both [the motions in} longitude and 
depth necessarily must have been determined. What one is 
looking for is a period of depth, a period of latitude, a period 
of longitude, and a period of a number of months. The parts 
of the depth are the “apogee” and the “perigee” and the 
“middle”. When the moon moves from its middle distance 
towards the perigee, and from there ascends to the middle 
distance, it diminishes the length of the month on its own 
account by catching up with the sun more quickly because 
it adds on to the mean [motion in] longitude (when it adds 
this to the [motion in] longitude, it adds also to the [motion 
in] latitude); contrariwise, as it moves from the middle to the 
apogee and from the apogee to the middle, it increases the 








lat 
ee 








length of the month by the same amount by catching up with 


the sun more slowly; and it diminishes the [motions in] 
§76 latitude and longitude by an equal amount. It would be 
equal, [that is], if we established the motion in latitude for 
the same number of degrees as in longitude, namely 360. 
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This being so, a difference arises not only when we are 
making the selection [of eclipses] at an extremely short 
interval, but also at a greater [interval]. Hence it will be 


necessary to define the difference, whether increase or 








decrease, in {the 
of the sun and the moon, when one has made the selection 


agth of] the months that occurs because 


‘Now the relative motion of the circles [i.e. the eccenter 
and epicycle] is most pronounced at the perigee and apogee, 
while it is near the moon’s greatest and least courses that the 
[motion in] latitude assumes its own mean; for the motion 





in] latitude increases and decreases in consequence of the 
depth. The Chaldeans, however, believed that, with the 
moon moving at its middle [distances], the latitude is not 
subject to increase or decrease. But the greatest increment 
or decrement has been found to occur near the least and 
greatest motions, so that there is some difference [from 
mean motion] in the [motion in] latitude too about the 
moon’s perigee orapogee (for the mean [motion in] latitude 
is in effect at the exact perigee or apogee). This is because 
the situation of the mean (motion in] latitude at the apogee 
is different from its situation at the exact perigee. And not 
only does this occurat the exact apogee or exact perigee, but 
the [motion in] latitude changes at every part of the [motion 
in] depth, so that also when the moon isat its mean distance, 
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the situation of the [motion in] latitude is different when [the 


moon] is desce 





in depth from when it is ascending. 


But moreover in each zodiacal si 





some variation is seen 
in the [motion in] latitude, as the [motion in] depth varies 
differently at all times with respect to the [motion in] 
latitude. The [motion in] latitude would best be determined 
when the sun and moon are at the 
ely in the same signs, but even 
[the same] degrees. But this is impossible because such a 





if the observations occ 





same situations and not ms 





thing probably takes place [only] in many tens of thousands 
of years. 
Now that these things have been shown, know that the 


zodiacal revolution furnishes the ‘Longitude’ [in the 








entitled “ 





Almagest] and the column 
[in the Handy Tables 
‘Longitude of the center of the epicycle’. [Ptolemy] 


nter of the epicycle* 
hence some give it the heading 








ave 





the depth the title ‘Of anomaly’ in the treatise, but in the 
Handy Tableshe gave itthe title ‘Of the moon’scenter’. The 
title ‘Of the northern limit’ indicates the [motion in] 
latitude, and ‘Elongation’ [indicates] how far away at each 
time is the catching up with the sun a 





er conjunction, 

These things concerning the nomenclature call for a 
true account. We shall dismiss the [subject of] the numbers 
in the treatise, and speak [now] of those inthe Handy Tables 
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Toomer’ translation (e.g., Toomer, 191 





ical derivation of the tables, then to descril 


















§§1-5 is a close (if disordered) 
periods, Almagest IV, 2.! The 2: 
cient” astronomers (1) has 
turns to Hipparchus’ pe 

in accordance with [th 





month eclipse peric 
sady been mentioned 
sd of 4267 months 
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BSN 





of 352}° over 4611 revolutions in period re 
parchus on the basis of his already established so 
was bounded by oppositions (Le, lunar eclipse 















an integer number of revolutions se 





sign? 


one node to an almost diametrically opposite point 





eclipsed from the south at the end, and vice 














short of 8° to Hipparchus derives to 
Toomers note, 176 note 10, 





a typographi 


by book and chapter (e.g 
nces to the first volume of Heiberg’s edition (e.g., Heiberg, 302) and to 


IV, 6), with page 


§1. In the lost part preceding the extant fragment, our author had already 
written about the tables for the sun's motion in Ptolemy's Handy Tables (cf 
§§47-60). His next topic (we may conjecture) was to explain the lunar tables 
in the same work. The plan, so far as one can discern it through the muddle 
“ of digressions, seems to have been, first to say something about the theoret 
se them. At the point 





< where our fragment commences, he seems to have progressed from 

ia mean motion table in the Handy Tables, by way of the corresponding table 
“! in the Almagest which was its source, to the period relations from which 
- Ptolemy initially derived his lunar mean motions (see Chapter I, section 3d), 


araphrase of Ptolemy's chapter on the lunar 











syzygies with the sun 

tion (3) was calculated by Hip- 

theory, since the period 
Thee 

ns in fact to have been a ra 

a more exact figure, probably 7° 46%, to the nearest quarter of a zodiacal 





Hipparchus’ 4267-month eclipse period (3) brings the moon from near 
sar the other; hence if 
the moon is eclipsed from its north side at the period's beginning, it will be 
rsa. Since moreover the moon 
is not at the same distance from the nodes at each eclipse, the eclipse dura- 
tions and magnitudes will be different. For this reason, the 4267-month period 
Was suitable for establishing the length of the anomalistic month, but not the 
draconitic month, which Hipparchus derived from period relation (4) 





, Heiberg. 271 lines 15-19; §2 = Heiberg. 272 lines 6-10; §3 = Heiberg 
line 6; 55 2 lines 12-20. Translation of the 
* Cf. Neugebauer, HAMA, 312, where, howeve 


re passage: Toomer, 176, 
the assertion that our fragment ascribes a 
exrorin the CCAG edition. See also 
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§4. “Kedenas"is in all probability to be equated with a Kidinnu whose name 
figures in the colophons of some Seleucid cuneiform tablets from Babylon.> 
These texts, all of them lunar ephemerides, do not inform us of what his con 
tributions were, nor indeed when he lived. In Greek sources, however, he 
credited with three specific elements: the 251-month lunar anomalistic period 
(2) in our fragment, a maximum elongation of Mercury from the sun of 22 
in Pliny’s Natural History (II 6,39), and tables for computing lunar longitudes 
in Vettius Valens’ astrological Anthologies (IX, 11). Neugebauer doubts whether 
the parameter for Mercury had an authentic Babylonian origin, but the lunar 
tables do seem to have descended (with some Greek modification) from a 
Babylonian scheme based on the approximate equation, 















(5) 9 anom, m. = 248 days.* 


It is possible that the various Greek testimonia on Kedenas derived from a 
single Hellenistic source transmitting Babylonian data, perhaps the authority 
on the “Chaldeans” from which Geminus (Isagoge chapter 18) cites Babylo: 
nian lunar parameters connected with relation (5). This transmission cannot 
be later than Hipparchus, ice., the middle of the second century BC., since 
he knew (5).5 Van der Waerden has attempted to recover details of this source 
and astrological re 




















on the assumption that all anc 
to “Chaldeans” descend from i 








‘many prove to have used it’: Beyond this assertion, we have no informa: 
tion about what astronomers, other than Hipparchus and Ptolemy, used the 
Ptolemy's correction, see Chapter 1 








I-month anomalistic period (2). Fo 





section 4, 
to say that the value for the mean 
motion in latitude derived from (4) is more satisfactory than Ptolemy's slightly 


corrected value. Our author may, however, have been misled by Artemidor 
1n was a consequence of his modifica 





§6. This sentence surely does not 

















into believing that Ptolemy's correc 
tion of the lunar model (cf.§29, and Chapter I, se 
be comparing (4) with the inferior relation (1). 





n 4); or he may merely 





§7. This passage and related texts concerning eclipse intervals were discussed 
by Rome in his first article on the fragment.” Lunar eclipses, as was already 
known to the Babylonian astronomers, occur only at intervals of five or six 
synodic months, or sums of the two. Our author seems to believe, incorrectly 
that a lunar eclipse will take place every five or six months when the sun is 
nearest a lunar node at conjunction, an assumption that leads to the figures 
in the text. The sun passes through one or the other node 930 times in $458 
synodic months (i.¢,, $923 - 5458 times for each node); hence if f and s are 








Neugebauer, HAMA, 611-12 
$ Jones (1983), especially 14-33. See also Chapter {, section 5 
$ Jones 1983], 23 

© Van der Waerden 
7 Rome [1931,1]. Also Neugebauer, HAM 
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nth intervals between ecliptic opposi- 





the numbers of five-month and 
during 5458 months, then 





f+ 5 = 930, 





so that f = 122 and s = 808. 

This passage is not the only evidence for use of the 5: 
a recurring cycle of lunar eclipse possibilities. Plutarch (De facie in orbe 
20, 933E) mentions that intervals of 465 synodic months contain 404 six-month 
hese are simply the figures in 





month period as 











eclipse intervals and 61 five-month intervals; 
wo. It is possible that this application of 
e studied eclipse in 





ent divided 
4) goes back to Hipparchus, who is known to ha 





tervals for both solar and lunar eclipses.* 


§8. "what Ptolemy added . .. will be stated later’: apparently in the passage 
beginning at §27 





§11, Three times in §§11-13 Cumont retains the manuscript's wrong figure 


235 for the number of anomalistic months, which is certainly just a scribe's 


persistent misreading of the correct figure 239 (cf. Almagest IV, 2, Heiberg, 


270; Toomer, 175). 








anuscript gives the length of the synodic month as 29} + i days 
tested or plaus 


§14. Mi 
here, but 29} + 4; in §24. The first figure approximates no 
the month, Ptolemy's value, a parameter tra 
Babylonian astronomy, is 29;31,50,8,20 days 
ssimal place, this becomes 29:32 








le value for the length 
mitted through Hipparchus fro 








in sexagesimal notation; rounded to one sexay 


(ie. 291 + 3), Since the two sentence: 








nally have given the same 





ust ori 





numbers, I have emended §14 to agree with §24 
§15. “to us": ie., to observers in the northern hemisphere 


§17. “leading signs’: a standard expression meaning signs leading in the order 


of their rising: hence, with lower longitudes. 





§18, “latitudinal motion’: ie., argument of latitude 

Ptolemy does indeed always treat lunar longitudes as if the moon traveled 
in the plane of the ecliptic, ignoring the very slight longitudinal deviations 
(never more than 6 minutes) that result from disregarding the inclination of 
the moon's plane, This simplification is mentioned in Almagest lV, 6 (Heiberg, 
302; Toomer, 191), and justified geometrically in VI, 7 (Heiberg, 503-506: 
Toomer, 296-98) 





§20. “the [section] on {the moor’s] anomalies": It is not clear whether our 
author is referring to relevant parts of the Almagest (e.g., IV 5-6) or to a lost 
part of his own commentary in which the geometrical model of the lunar mo- 
tion was discussed, 
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§21. “but is in excess by 2° 46"*: ie., the mean longitudinal motion in one 
anomalistic month is said to be 362° 46°. This is inaccurate. From relation 

for example, one obtains a motion of about 363° 4' per ano 
Our author has evidently multiplied a crude mean d: 
(instead of 13 





alistic month, 
ly motion of 13° 10 
of the anomalistic 
3 + 3 days, rounding the result to the nearest mit 








10’34'.. .) by a rough value for the lengt! 


















§22. For the purposes of illustration, itis as 








ned that the moon, sun, and 
that the moon is at apogee (i. its least 
apparent speed). The order in which the moon afterward reattains the node, 
Aries 0, its apogee, and the sun obviously is a consequence of the relative 
values of the four lunar mean motions (in latitude, k 
elongation from the mean sun). The node will be at about Pisces 28° 34’ when 
nth, 

The hypothetical situation used here resembles one that Ptolemy uses in 
Almagest V, 2 (Heiberg, 357-60; Toomer, 221-22) to illustrate his eccentric 
lic lunar model. 








anode all coincide at Aries 0 








ongitude, anomaly, and 





the moon reaches it again at the end of one draconitic m 











epic 


§25. “period”: Our fragment gives “nepiob0<" instead of the Almagest’s “nepto: 
81x05,” ie., “periodic” (Heiberg, 270 line 10). This may be the com: 
slip. Cumont (following Heiberg) emends it as a copyist’s error, but has not 











noticed that the gender of the following relative pronoun must then be changed. 





§27. For general discussion of the quotation from Artemidorus, see Chapter 





I, section 4 


§28. The 5458-month latitudinal period (4) does not contain even nearly an 
integer number of anomalistic months, so that the moon's longitudinal mo- 
tion during this period is not constant. It therefore makes no sense to assign 
to this period an excess in longitudinal motion over whole revolutions, nor 
does Ptolemy do so in the Almagest, If Artemidorus’ figure is to have any 
meaning, it must refer to mean motion; but the reading in manuscript a, 33°45' 
cannot be correct. Using Ptolemy's value for the mean motion in longitude 
(13;10,34,58, per day), one would find that the moon travels approxi- 
mately 5899-360° + 102° 42’ 22" in 5458 mean synodic months of 29;31,50,8,20 
days. A more plausible emendation of Artemidorus' number, 103° 45; follows 
from assuming a rounded value, 13° 10° 35” for the mean daily motion: 











389;6,23,43,58, syn. 
= 389;6,23,43°/syn. m. 
389;6,23,43° » 5458 syn. m, = 589 - 360° + 103;45,25,34 
3399 - 360° + 103;45 


13;10,35°/d - 29;31,50,8,20d 









It is hard to see, however, why Artemidorus would choose to misrepresent 
Ptolemy's mean motions in this way. 

The manuscript has 5° 0' for the maximum equation at the moon's greatest 
distance, but Rome's correction to 5° 1’ seems necessary (cf. for example 
Almagest V, 7, Heiberg, 384; Toomer, 235). Ptolemy's theoretical maximum 
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V, 3, Heiberg, 362-65; Toomer, 223-25) is 
his table (V, 8) is 7° 397 





equation at least dis 
7 40), but 





nce (Almage 
greatest value derivable fro: 








trument mentioned here is presumably the astrolabon or armil- 
re described in Almagest V, 1 (Heiberg, 351-54; Toomer, 217-19), 
s dimensions. Ptolemy is, however, known 


§29, Th 
lary sph 
where Ptolemy does not speci 
in a work specifically devoted to the description of a more 














lary sphere (with nine rings instead of the astrolabon’s seven) 
From a quotation by Pappus we learn that 
g of this instrument was to be “not less 
than twelve i.e., } foot.}® Artemidorus may therefore have trans 
ferred this dimension to the simpler instrument of the Aln 

asonably interpreted “not less than” as “not much more than.” Alternatively, 
;ce of information about the instrument, 


elaborate armi 





called the meteoroskopeion 
Ptolemy specified that the largest ri 











gest, and 









he could have had some other so 
it himself 





or even (considering his early date) see 
dorus mentions the smallness of the instru: 
fact Ptolemy refined his lunar 


Itis not clear whether Arte 





ment in order to cast doubt on its accuracy 
ns by Hipparchus as well as his own, and 


ecture 





model on the basis of observat 
the nature of Hipparchus' instruments is open to © 








§33. This sentence may be our author's summing up of Artemidorus’ argu: 
ment. For my belief that what follows (§§34ff) is not by Artemidorus, see 
Chapter I, section 2. 











§34, Ptolemy's Almage ochs from which 
their mean motions are counted, the era Nabonassar (1 Nabonassar, Thoth 
1 = 26 February, 747 BC.) and the era Philip (1 Philip, Thoth 1 = 12 November, 
BC,); in both sets of tables times are reckoned from noon, However, 
interva ons, that is between successive meridian 


and Handy Tables use different e 











between consecutive 
sings of the sun, are not always exactly 24 equinoctial hours, because the 
the ecliptic during the elapsed day is 











sun's actual anomalistic motion a 
not constant, and because the ecliptic itself is inclined with respect to the uni- 
or. The correction that must be made to a 
given time in order to conve nychthemera (ie., days of exactly 
24 equinoctial hours) reckoned from the epoch date is called the “equation 
of time,” and is a periodic function dependent on the sur's longitude at both 
the given date and the epoch date.!” The equation of time is never greater 
than about 32 minutes, which is however enough to make a perceptible differ- 
ence in the longitudes of the quickly moving moon. In converting his mean 
motion tables from the Almagest’s epoch to the Handy Tables, Ptolemy com- 
pensated for this effect, so that if lunar longitudes are computed for the same 
date by the two sets of tables without correcting the given date for the equa- 
tion of time in each case, the results will differ by roughly 17 minutes (some 





formly revolving celestial equ: 





it to mea 
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variation is caused by # 
thor, in §46, corre 





we moon's anomaly and by rounding errors). Our au- 
ly ascribes the discrepancy to the equation of time ("the 
ion in the solar days’) but without further elaboration, The correct ex- 
planation is also giv 
Commentary to the 











at somewhat greater length by Theon in his Greater 
ndy Tal 





§36. The date of the example is given in the manuscript as 958 years elapsed 
since 1 Nabonassar (i.e., 959 Nabonassar), while the month, day, and hour 
are not given. Rome has, however, shown that the mean motions cited in 
text pertain to 960 Nabonassar (= 536 Philip), Payni 28/29 at midnight 
the years since epoch should therefore have been giv 
could be the author's or a copyist’s mistake. I have given the author the ben 
efit of the doubt, and emended the text. Perhaps the details of the di 
time were omitted because the same date had 











9, for which 958 


y and 
ier in the lost 
if they 
hor is writing down , 








en used 








part of the commentary. The verbs in the third person in §40 and §4: 
est that th 
his teacher's oral working out of the problem or copying from a written source 
(Artemidorust); alternatively, they may merely mean “Pt 





are not textual corruptions) might 











\lemy,” referring to 
his general rules for using his tables. In any case, only a few interm 





te stages 





of the computations are given in the text. A complete recomputation is given 


below (for notations, see Chapter I, section 3f).1¢ 
FROM THE ALMAGEST, FOR 960 NABONASSAR, PAYNI 28/29, MIDNIGHT: 
Mean Motion 








B10y 163; 4,12 -37;24, 7 \ 
dd y —32449,25 270,38°57 \ 

Sy 358;47, 4 286;53,51 ? 
270d 266; 7,17 37,24 








27d (26;36,4 44 
12h 029,34 6;35,17 
epoch 330,45 41;22 
30;49 236 
(text) (30;48°) (236;162) (omitted) (omitted) —_(205;29°) 





N.B. The text in fact gives, not fl, but 2m (= 





Theon, GC 192. 
> Rome (1931,2). Neugebau 
ed for 958 Nabonassa 211). The longitudes are of course 
ly the same for the same day in both years 














For the Handy Tables 1 1.2), 109-12) 
sives the results but not ll d ° the argument of latitude 
from the Almagest is too great by : the numbers 





transmitted in manuscript 4 
Tables: 1° 19' for 1° 9° as 
5° 30’ for 5® 4’ as the suns apogee. Other errors 
out to be Cumon 
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<ponding to 325;18° = 1;18,24* (text: 1,19°) 


Taurus 0;48° + 1:19 





text: Taurus 2 





= 324;18 





2;42, 32° (text: 2:56 





A = Scorpio 26;16* + 2:51 


Scorpio 29;12° (text: Scorpio 29;12°) 








= 28;48° (text: 28;46°) 





From Tite Hany Tastes, ror 536 Puuir, Pavns 28/29, mipwicer: 
‘Mean Motions 
sun: 3 moon: 2-4 2h a 


Philip 34;32 284;26 








10 y 34 72: 
Payni 266; 7 103; 0 
28th day 26:37 298;18 
12h 0:30 12:11 
325;20 50; 316;38' 
(text (325;20°) (omitted) 


Calculation of True Positions 





= 1;18,20° (text: 1:19°) 
elongation from apogee = 325;20° + 1,19 
326;39° (text: 326;39") 
326;39° + Gemini 5;30' 
Taurus 2;9° (text: Taurus 2;9°) 


sun: equation corresponding to 3: 





moon: ¢,(50;22°) = 717,56 

€4(50;22") = 0:9 

a = 316;38 + 7;18° = 323,56° (text: 323 
) = 2:44 
) = 1323 











(3235 





€ = 2:56,27° (text: 2:56°) 
i. = 2;56° + 50;22° - 174;22 
Scorpio 28:56" (text: Scorpio 28;56°) 
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N.B. For clarity the notations c1, c2, cs, c4 here refer to the same functions 
as for the Almagest, although they are tabulated in the order cs, cs, c2, cs 
in the Handy Tables. 

§40, The stated maximum difference of 2 minutes refers, of course, only to 
the solar longitudes. Neugebauer faults our author for ascribing the discrepancy 
in the solar longitudes to the equation of time (it results in fact from rounding 
errors); it seems to me that the text makes no such claim. 5 








§42, Manuscript a gives the difference as 217 minutes, but the first digit is 
probably a dittography of the end of the preceding word. The difference in 
the author's example is of course only 16 minutes 


§49. The time of day for which an astronomical computation was to be made 
would normally have been given in seasonal hours of day or night (equal to 
one twelfth of the interval between sunrise and sunset, or between sunset and 
sunrise). Ptolemy's mean motion tables, however, use uniform equinoctial 
hours counted from noon at the meridian of Alexandria. To obtain the most 
accurate results one must therefore convert a given time to seasonal hours, 
and then adjust it for the difference in longitude between one’s location and 
Alexandria, and for the equation of time (see the note to §34 above). But the 
conversion of seasonal to equinoctial hours requires knowledge of the sun's 








current longitude in the first place. In his introduction to the Handy Tables 
Ptolemy therefore says to compute a first approximation of solar longitudes 
using the seasonal hours, counted from the preceding noon, and not even cor- 
rected for the difference in longitude from Alexandria. When computing 
final results, especially for the moon's position, one must take all the correc 
tions into account or perceptible errors may result. Both the correction for 
longitude and (in rare instances) the equation of time can cause the date e 
tered in the tables to be the day before or after the current day at the ob- 
server's location, 





§55. In the extant fragment our author never gets around to explaining the 
use of the lunar anomaly table in the Handy Tables; perhaps he was turning 
to this topic at the point where the text is cut off in §93. 


§36. The passage beginning at this point is the earliest evidence after Ptolemy's 
own introduction for the arrangement of tables in early copies of the Handy 
Tables, The prevailing opinion of historians has for some time been that the 
version of the Handy Tables presented in surviving manuscripts is a fourth: 
century revision by Theon. A. Tihon has shown, however, that there is no 
evidence anywhere in Theor's voluminous commentaries on Ptolemy that sup- 
ports the hypothesis of a “Theonine recension.””” The testimony of our frag 
ment, although it describes only a small part of the Handy Tables (the solar 
and lunar mean motion tables), yields interesting new information pertinent 
to the textual history of the Handy Tables. It not only shows that there existed 








Neugebauer, HAMA, 949, 
i Ptolemy, QAO, 160-61. 


¥ Tihon [1985]. Doubts were already raised by Neugebauer, HAMA, 968. 
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significant variants in the arrangement of the tables in copies of the Handy 
Tables already in the third century, but one minor divergence between copies 
described in the fragment actually survives in the manuscript tradition of the 
tables. This gives reason to doubt whether this tradition can descend from 
an archetype much later than Ptolemy himself 

In our manuscripts of the Handy Tables the mean motion tables for the 
sun and moon are combined, so that the single column for the sun’s mean 
motion is followed by four columns for the moon's mean motions.!® The 
anomaly tables are similarly unified. This arrangement has the obvious ad- 
vantages of saving space and the user's time, Ptolemy's own introduction to 
the Handy Tables does not make it clear whether he combined either the mean 
motion or the anomaly tables. Theon writes that there were copies of the tables 
in which the anomaly tables were separate, asin the Almagest, as well as copies 
with the unified anomaly table; but he does not seem to have found the mean 
motion tables in any other form than the one we possess.” The author of 
our fragment seems to have known only the combined format of the mean 
motion tables. He even mentions (§59) certain copies in which at least one 
more column, the precessional motion of the reference star Regulus (‘the heart 
of the Lion’), followed the column for the moon's northern limit; in our 
manuscripts this column is given alongside the planetary mean motions, with 
which it is more closely associated in application. Obviously such variations 
were dictated by the dimensions of the copyist’s pages, and how reluctant he 
was to waste space. In this connection it is worth noting that papyrus frag- 
codex forn 

















ments of astronomical tables dating as early as the second 
century, have been discovered™; if the Handy Tables were published in roll 
format, there would have been no physical limit to the number of parallel 
columns, although a table combining (say) the mean motions of all the heavenly 
bodies would have been inconvenient to use. 









Our author gives two forms for the titles of three of the four columns of 
lunar mean motions (see also the note to §61 below). The longer forms, in 
which the words wixog (“longitude”), 480 (‘depth’), and mAéto¢ (“latitude”) 
are added at the beginning, occur in one of our oldest copies of the Handy 
Tables, the ninth-century Leid. B.PG. 78 (ff. 91-93").2! In the contemporary 
Vat. gr. 1291 (ff. 38-40") the titles have the short forms, Since Bog is not 
a Ptolemaic term (he would have written aveoadia), the additional words 
probably are early glosses. 











§59. The column for Regulus surely followed in these copies the column for 
the moon's northern limit, which could hardly have been omitted. Regulus 
has nothing to do with eclipses, but serves as a reference star for the preces- 





Until all manuscript 


ined, such generalizations as this 
must be considered tents a 








There are trivial errors inthe column headings 
‘on my argument 





is manuscript, but these have no bearing 
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sional motion of the fixed stars and the planet's apogees. The discussion of 
eclipses must have followed well after the end of our fragment 


§61. In the lunar mean motion table of the Almagest (IV, 4) Ptolemy tabu- 
lates the increments of the four lunar mean motions “of longitude” (7), “of 
anomaly” (@), “of latitude” (6), and “of elongation’ (fi), which have an ob- 
vious significance in a pre-Ptolemaic simple epicyclic lunar model (see Chapter 
I, section 3c) as well as in Ptolemy's eccenter-and-epicycle model (sections 3e- 
£), The periods of these mean motions are of course the longitudinal revolu- 
tion (“revolution of the zodiac”), anomalistic month ("restitution of anomaly’), 
draconitic month, and synodic month ("catching up with the sun after con- 
junction’). In the Handy Tables Ptolemy tabulates 2-4 (with the heading "of 
the eccenter’s apogee’) instead of %, and 2f) (headed “of the epicycle’s center, 
ice,, reckoned from the apogee of the eccenter) instead of f]. These quantities 
havea direct geometrical significance only in Ptolemy's model, He moreover 
retains & (headed “of the moon's center”), but instead of © he now gives 0-4 
(headed “of the northern limit”) 

Our author does not succeed in answering his own question about the rela- 

tionship between these various mean motions, beyond saying that they should 
be obvious. Nor does his appeal to the authority of Apollinarius in §§64ff 
help much, since Apollinarius could not possibly foresee Ptolemy’s model, 
and writes (so far as we can tell) in terms of a simple epicyclic (or possibly 
a simple eccentric) lunar model. 
—From this point our author starts calling the Almagest the pragmateia the 
treatise") instead of its actual title Syntaxis, ie., “Compilation.” Ptolemy refers 
to the Almagest as pragmateia in its very last sentence (XIII, 11, Heiberg Il 
608, Toomer 647): “So at this point our present treatise can be terminated 
at an appropriate place and at the right length. 








§64. On Apollinarius, the author of the following quotation, see Chapter I 
section 5. Throughout the quotation Apollinarius signifies by the terms wijx0< 
longitude’) and maroc (‘latitude’) the moon's motion or position in longi- 
tude and (argument of) latitude (i.e., 2 and @ in the notations defined in Chapter 
I, section 3¢); nAdtoc never means what we usually call latitude, the actual 
deviation of the moon from the ecliptic. The term fia80g (“depth’) refers to 
the anomalistic component of the moon's motion; it seems to have alluded 
originally to the moon's moving nearer to and farther from the earth, although 
Apollinarius is concerned mostly with the way that the anomaly interferes 
with the longitudinal and latitudinal motions. 


§67. This definition of the “restitution of depth’ (i., period of anomaly) seems 
to fit an epicycle-and-eccenter model, such as one might expect for one of 
the five planets, but not for the moon before Ptolemy. The “star's sphere" cor- 
responds to the epicycle, and since the epicycle’s motion itself has an apogee, 
it must be borne on an eccenter. Presumably (but this is not quite clear as 
Apollinarius expresses it) the “restitution of depth” must simultaneously bring 
the planet back to the epicycle's apogee and the epicycle back to the eccenter’s 
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apogee from these initial positions. Apollinarius may be quoting a general 
definition of “restitution of depth,” originally expressed in terms of eccenter- 
and-epicycle models for the five planets; but it is also barely conceivable that 
‘Apollinarius contemplated such a model for the moon.” Be that as it may, 
‘Apollinarius’ intricate discussion of the interrelation of the lunar motions and 
their periods seems to allow for only a single component of lunar anomaly 
(though see the note to §84 below), and only a single anomaly was accounted 
for in the Apollinarian lunar tables (see Chapter I, section 5). For clarity we 
shall assume in the following notes that Apollinarius employed a simple epicy- 
clic model for the moon. In fact there is nothing in the quotation that estab- 
lishes whether he preferred an epicyclic model or the geometrically equiva- 
lent eccentric model. We know from Ptolemy that Hipparchus had worked 
with both kinds of model at various times (Almagest IV, 11, Heiberg, 338: 
Toomer, 211), and this ambivalence may have persisted up to Ptolemy's time. 





§70. At the end of this sentence there follows an interpolated title, “On how 
planet makes its least and greatest motion.” This undoubtedly was a reader's 
addition, and stood in the margin of an ancestor of manuscript 4 





§74. Apollinarius uses the terms “apogee” and “perigee” (npdoyetov, not the 
normal Ptolemaic term nepiyeiov) to signify the sections of the epicycle about 


rth, For these points themselves 








the points farthest from and nearest to the 
he uses superlatives, which I translate as “exact apogee" and “exact perigee. 

More simply put, the moon's motion (whether with respect to the ecliptic 
or the nodes) is fastest at perigee and slowest at apogee. Since the 
es longer than exactly one anomalistic month to repeat a conjunc- 













on or opposition with the sun, this excess of time over one anomalistic month 
obviously is inversely dependent on the moon's speed at the beginning or end 
of the interval in question. The same phenomenon may be considered in an- 
other way: at a fixed time shortly after an anomalistic month has elapsed 
the moon's progress in longitude and in argument of latitude since the beg 
ning of the anomalistic month will be greatest if the anomalistic month b 

and ends with the moon at perigee, and least if the moon begins and ends 








at apogee, 

In manuscript a the last phrase of this sentence reads, “and it simultane- 
ously increases the length of the month while diminishing the [motion in] 
latitude by an equal amount.” This is clearly nonsense, since an increase in 
time cannot be equal to a decrease in latitudinal motion, which is an arc 
The parallel clause a few lines above equates the increases in latitudinal and 
longitudinal motion during the faster part of the anomalistic month; here we 
expect a corresponding statement, that the decreases in these motions in the 
slower part are equal. The words referring to the motion in longitude must 















Heiberg. 294: Toomer, 180-81) falls just short of saying that no 
jo account fr a scond component of lunar anomaly. He does leary stale 
10 discover just how the second depended on the moons elonga 








tion from the sun 
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have dropped out, and a phrase from earlie 
ligently copied in their place. 





the sentence has been unintel- 


§76. In the pre-Ptolemaic tables for lunar 





tion (see Chapter I, section 5) 
ed Badwoi ("steps") 
The anomalistic component of the argument of latitude, in such un 
of course be one fifteenth of what it would be if it were expressed in di 
(as in Ptolemy's tables) 





units call 


the argument of latitude was measured in 








s, will 








§77. The remainder of the quotation from Apollinarius (has a connecting pas 
sage dropped out somewhere?) concerns specifically the difficulty of estab- 
lishing a period relation for an equation 
bers of draconitic and synodic months) by comparison 





moon’ latitudinal mot 





between whole nu 
of observed lunar eclipses. The procedure that Apollinarius evidently has in 
ed by Hipparchus to confirm the Babylonian period relation (4): 








5458 syn, m, = 5923 drac. m. 


According to Ptolemy (Almagest IV, 2, Heiberg, 272: Toomer, 176), Hipparchus 
found a pair of lunar eclipses that were observed to be identical in duration 
and magnitude, and occurring at times when the moon's true longitude (4) 
nearly coincided with its mean longitude (.e., the longitude of the center of 
its epicycle, 2). Ptolemy later (Almagest VI, 9, Heiberg, 525-27: Toomer, 309- 
10) gives a more detailed criticism, in the course of which he identifies the 
two eclipses, The first was an eclipse observed in Babylon at midnight, March 
8/9, 720 BC. (the observation is quoted earlier in the Almagest, lV, 6, Heiberg 
303: Toomer, 191-92). The situation of the moon at the time of this eclipse 
ns, is shown in 











based on a simple epicyclic model and Ptolemy's mean mot 


Figure 5, 





lunar model at eclipse of March 8/9. 
ameters according 10 the Almagr 
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Hipparchus himself observed his second eclipse at Rhodes, about two hours 
before midnight on 27 January, 141 BC. (details quoted in Almagest VI, 5, 
Heiberg, 477-78: Toomer, 284). The configuration of the lunar model is shown 
in Figure 6. 

According to Ptolemy (VI, 9), Hipparchus assumed that since the two eclipses 
were reported to have had identical durations and magnitudes (1 equinoctial 
hour and 3 digits from the south) the moon must therefore have been at ex- 
actly the same distance from the ascending node at both eclipses. The numbers 
of draconitic and synodic months most nearly corresponding to the interval 














between the eclipses could be derived from period relations such as (5) that 
Hipparchus already knew were roughly correct. Taking the moon to have been 
at its exact apogee and perigee at the two eclipses, Hipparchus could conclude 
thi ly a whole number of mean draconitic months had elapsed in the 
interval, as well as exactly a whole number of true synodic months. A very 











n (less than half an hour) would account for the difference be- 
tween the interval and a whole number of mean synodic months that results 
from the different solar anomalies at the two dates; no correction for the lunar 


small correct 








anomaly would have been necessary because of the moon's special situations 
at result was therefore an empirical relation between 
ic months by which Hipparchus could check the 





pogee and perigee. T 
ind dracon 








accuracy of relation (5), 

In the same passage (VI, 9), Ptolemy exposes two defects in Hipparchus’ 
argument, Since the moon is at its g m the earth in the first 
t distance in the second, the size of the earth's shadow 
will have been distinctly greater at the first than at the second, so that to be 
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eclipse, and at its le 
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eclipsed by the same amount the moon must have been farther from the node 
in the First eclipse. Contrariwise, the moon was not exactly at apogee or perigee 
during the eclipses; at the first, the mean longitude of the moon was about 
a degree nearer the node than the true, while at the second the mean moon 
was about eight minutes nearer the node than the true. As Ptolemy points 
out, these two effects tend almost to cancel each other, although he can only 
conjecture that Hipparchus might have been conscious of the fact. Apollinarius 
discussion is devoted entirely to the second effect. 


§79. The sense of §§79-82 is that the parts of the anomalistic month when 
the moon passes through the apogee and perigee are the times when the moon's 
true rate of motion is most different from its mean motion. Obviously this 
is true whether the positions are reckoned from Aries 0° (i.., the “motion 
in longitude’) or from the northern limit (i.e., the “motion in latitude’). A 
slight deviation of the moon from the exact apogee or perigee will therefore 
bring about a greater variation in the moor's longitude or argument of lati- 
tude (with respect to their mean values) than an equal deviation elsewhere 
in the moon’ revolution. 

§80, Apollinarius seems to mean that the “Chaldeans” (ie., Babylonian as- 
tronomers) did not incorporate an anomalistic fluctuation in the moor’ lattu: 
dinal motion. From what we know of Babylonian lunar theory, this claim 
appears to be correct 

§82. This is not clear. Perhaps Apollinarius actually wrote, “This is because 
the situation of the mean [motion in] latitude at the apogee is different from 
its situation at the exact apog 





§83. Apollinarius might have it in mind that the interval of 7160 synodic 
months between Hipparchus' two eclipses is almost exactly half an anomalistic 
month over a whole number of anomalistic months, so that if it begins when 
the moon is at apogee, it will end when the moon is at perigee. If the same 
interval is taken starting when the moon is near mean distance and moving 
toward the earth ("descending in depth’), it will end with the moon near mean 
distance but now moving away from the earth (‘ascending’). These situations 
produce the maximum difference between the true and mean positions in lon- 
gitude (and latitude), with the moon lagging behind its mean position in the 
first case, and leading it in the second. 

§84. The reference to zodiacal signs is a bit unexpected. There is no compo- 
nent in the Hipparchian lunar theory (or Ptolemy's for that matter) that de- 
pends on absolute longitude. Probably Apollinarius means only that the ef- 
fect of the anomaly on the latitudinal motion is constantly changing as the 
moon progresses from sign to sign 


§85. In selecting eclipses to test a period of latitudinal motion it would obvi- 
ously be convenient to have not only the moon in the same configuration at 
both times, but also the sun, so that the interval between the eclipses will be 
exactly a whole number of mean synodic months. This would require eclipses 
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occurring at the same longitudes. As we have seen above (note to §77), how. 
ever, a difference in solar anomaly between the two eclipses can easily be 
accounted for by introducing a small correction in the number of synodic 





months in the interval 
of this sentence (just before “but in the Handy Tables") 
as the interpolated phrase, “which occurs when it [ie., the moon] 
ion.” This makes no sense in the 





§88, In the m 








goes from greatest motion to greatest mo 
present context; it may have been mistakenly inserted by a copyist from a 


marginal note whose original purpose is no longer recoverable. 
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